Study objective -A chemical spill from an oil refinery exposed the local community to more than 40 000 lb of highly toxic and corrosive hydrofluoric acid. A community based symptom prevalence study found an association between exposure and physical symptoms: the psychological impact ofthe disaster and its potential effect on the reporting ofphysical symptoms is examined here. Design -The study used a population based survey design consisting of two phases: phase I, the exposure phase, and, phase II, the symptom prevalence phase. Subjects -In phase I, information indicative of exposure was collected on 10 811 individuals in a door to door survey of a geographically defined area. In phase II, symptom prevalence information was gathered through in-person interviews with 2509 subjects selected from the phase I census in a sampling scheme that balanced across the exposure categories with regard to age, gender, and predispositior. (HF) is a highly irritating and corrosive substance because of its high solubility in water and the capability of concentrated HF solutions to absorb water with a release of heat. These properties mean that it can cause severe burns to the skin and eyes as well as pulmonary damage, which may not be painful or visible for several hours after the initial exposure.' Once absorbed, HF has some direct and indirect systemic toxic effects which occur as a result of the rise of the fluoride concentration in the blood (direct), and the concomitant lowering of calcium and magnesium in blood, skin, and other organs (indirect). 
Abstract
Study objective -A chemical spill from an oil refinery exposed the local community to more than 40 000 lb of highly toxic and corrosive hydrofluoric acid. A community based symptom prevalence study found an association between exposure and physical symptoms: the psychological impact ofthe disaster and its potential effect on the reporting ofphysical symptoms is examined here. Design -The study used a population based survey design consisting of two phases: phase I, the exposure phase, and, phase II, the symptom prevalence phase. Subjects -In phase I, information indicative of exposure was collected on 10 811 individuals in a door to door survey of a geographically defined area. In phase II, symptom prevalence information was gathered through in-person interviews with 2509 subjects selected from the phase I census in a sampling scheme that balanced across the exposure categories with regard to age, gender, and predispositior. The refusal rate in both phases was <5%. Measurement and main results -Stepwise logistic regression analyses were used to assess the relative predictive importance of psychological variables and hydrofluoric acid exposure in explaining the reported physical symptoms two years after the disaster. The findings show a linear relationship between the level of hydrofluoric acid exposure and the degree of psychological stress two years after the accident. High exposure had a long term (more than two years) impact on physical health for some self reported symptoms, even after controlling for the psychological impact. Some physical symptom reports, however, were better explained by psychological status than by exposure to hydrofluoric acid. The physical symptoms for which exposure was the major predictor were those for which the biological plausibility of a relationship with hydrofluoric acid exposure was direct.
Conclusions -Measures of psychological status should be included in symptom studies of health sequelae to man-made disasters so that the physical effects of exposure can be more accurately assessed.
(J7 Epidemiol Community Health 1994;48: [560] [561] [562] [563] [564] [565] [566] [567] [568] Anhydrous hydrogen fluoride (HF) is a highly irritating and corrosive substance because of its high solubility in water and the capability of concentrated HF solutions to absorb water with a release of heat. These properties mean that it can cause severe burns to the skin and eyes as well as pulmonary damage, which may not be painful or visible for several hours after the initial exposure.' Once absorbed, HF has some direct and indirect systemic toxic effects which occur as a result of the rise of the fluoride concentration in the blood (direct), and the concomitant lowering of calcium and magnesium in blood, skin, and other organs (indirect). Considerable local and systemic toxicity may occur from hydrofluoric acid by all routes of exposure. in an organ/function system) two years after the spill was also related to the degree of exposure; (iii) the reported prevalence of severe symptoms two years after the spill was considerably lower than the prevalence in the month after the spill in each exposure category, and the improvement was most substantial for the highly exposed group; and (iv) symptoms like skin bums and blistering were mostly short term, even in the highly exposed individuals, whereas problems related to breathing were reported to be still severe two years after the spill by 20 to 30% of the individuals in the highly exposed group. Exposure (inter) offered in the model showed that somatisation dominated the prediction as an indicator of psychological status. This was to be expected since the symptoms in the somatisation construct were most closely like the physical symptoms (see Appendix). Analyses reported in tables 4 and 5 examine the relationship between physical symptoms and other dimensions of psychological status, that is, anxiety, depression, hostility, and paranoia. Anxiety was the best psychological indicator in predicting severe physical symptoms. The constructs depression and paranoia did not enter the final model in any of the nine organ/function systems. Analyses in table 5 show that anxiety was more prominent in explaining a severe response in diarrhoea and trouble concentrating than was the high HF exposure.
Discussion
Disasters can have both physical and psychological effects in those exposed.""1924 The results presented here, in conjunction with those presented in Dayal et al,'5 support the psycho-biological paradigm of health sequelae of a disaster involving a community exposure to HF. Based on self reported information, we found that high exposure to a chemical release disaster had a long term (more than two years) impact on physical health which could not be explained by psychological status. The extent to which the effect of the psychological status varied across symptoms, however, was noteworthy. For those organ/function systems more likely to be directly related to the HF exposure (skin, breathing (by inhalation), throat), the impact of psychological variables was much less pronounced than that of the high HF exposure. For these systems, however, the effect of the intermediate level of exposure was comparable with that of psychological distress. The psychological status was weighted more heavily among those physical symptom groups (stomach, wake up, miscellaneous) more often associated with psychological stress. This pattern of response tends to reinforce the idea that some of the symptom reports were not psychological in aetiology, while others had a substantial psychological status component.
The list of symptoms used to assess psychological status came from the validated BSI. We retained in its entirety a subset of symptoms associated with five constructs. This is a reasonable way of obtaining an instrument of manageable length when interest is limited to a subset of constructs. The consistency and interpretability of findings affirm the appropriateness of the symptom list. The published reports on the psychological effects of environmental stress indicate little uniformity over the instruments used.25 For instance, Horwitz and Stefanko26 adapted the SCL-90 for their study of the psychological effects of living near a toxic waste landfill by adding questions to the somatisation subscale, using a demoralisation subscale from another instrument, and modifying it in other ways to reduce the number of items so as to keep the total survey to a reasonable length. Given the variety of contexts in which psychological status needs to be measured and the pressing extrascientific considerations, investigators have to devise instruments to assess psychological variables. The lack of uniformity makes it difficult to compare findings and interpretations, except at the conceptual level.
There are inherent issues of direction of causality when inferences are drawn from a cross sectional survey, especially if a questionnaire is used to assess both exposure and health at the same time. 27 Flanders et al' suggested that a 'checkmark' pattern -that is, an inconsistent pattern in which disease prevalence is highest in the designated exposed group, but is smaller in the internal than in the external control group, must be investigated carefully for the true direction of causality. Environmental studies do not typically include additional control groups; the Texas City study did not include one either. The control group came from the same neighborhoods as those with high HF exposure, thereby controlling for baseline physical and psychological symptoms. The observed associations in the present study were always consistent with a strong dose response, the primary criterion for causality in Flanders et al.27 Moreover, the exposure and outcome assessments were not done at the same time: the two were separated by approximately one year and used different methods for collecting the information.
The findings in this report are based on a symptom prevalence study which relies on self report. Symptom reports are known to be limited by methodological considerations of reliability, differential recall bias,2829 behavioral sensitisation,30-32 and validity.33 Reproducibility is a good indicator of reliability. In interviewreinterview of a 10% subsample, the agreement in data on severe symptoms was over 85%. Differential recall bias and behavioural sensitisation are closely related concepts dealing with the phenomenon of cases (exposed) recalling and reporting events differently from controls (unexposed). This occurs in many studies because the two groups come from different populations and, therefore, do not share the life disturbing experience. However, in this study, it was possible to obtain an internal unexposed group from the same community because of two factors: (1) the HF plume dispersal did not cover the entire town, and (2) many people at the same time of the release were not at home in the area affected by the HF cloud, and, conversely, some people were going home from work through the cloud and were exposed even though their homes were not in the affected area. Since the cases and controls in the Texas City study came from the same community and, therefore, had comparable background effects from living in the chronically exposed community, and had partially comparable experiences of the HF release as a disrupter of their lives, the effect of differential recall bias and behavioural sensitisation should have been minimised. de- termined to have been heavily exposed. Moreover, only 20 to 30% of the individuals in the highly exposed group reported continuing severe problems related to breathing two years past the spill. Thus, although it is difficult to dismiss compensation neurosis as a possible confounder, it seems the findings of this study can not be explained by such phenomenon.
Whether the symptoms we selected as indicative of HF exposure were truly pathogonomonic of this can be questioned. However, while other severe illnesses could lead to these symptoms, it should be noted that because of the large sample, we were able to balance the three exposure groups in terms of conditions that might predispose to such symptoms -for example, smoking and chronic lung disease. Similarly, it might be suggested that our findings are due to the sort of person who likes to say "yes" answering "yes" to exposure assessment and to outcome assessment symptoms. However, as noted earlier, the exposure and outcome assessments were chronologically separated by approximately one year and used different methods for collecting the information. It should also be noted that the psychological symptoms were not identified as such, and, therefore, there is no reason to believe that the "yes saying" people would answer these questions differently from the others. Inferences from this and an earlier paper'5 hinge on the assignment of individuals to exposure categories. Exposure assessment was partly based on responses to three acute symptoms in the study undertaken one year afterwards, while the outcome assessment was based on short and long term symptom prevalence in the symptom assessment study two years afterwards. Using symptom reports partly to define exposure and assess outcome (even though at different times), complicates the attribution of excess severe symptoms to the true exposure. However, the following points are noteworthy: (i) the three symptoms that were considered in the exposure assessment are pathognomonic of an acute HF exposure; (ii) the outcome symptoms included far more than three symptoms; (iii) as noted earlier, the three pathognomic symptoms and the 40 outcome symptoms were assessed at different times (a year apart) and in different ways: and, most importantly, (iv) the outcome symptoms reported by individuals placed in the highly exposed category resembled closely those reported by the special group of individuals included in the study who were known to have received relatively higher doses of exposure (that is, the police officers managing the evacuation and the cases admitted to hospital after the accident'5).
Our pattern of psychosocial impact results conforms to that found by others. Several authors found that the primary response to an emergency was the somatisation scale, followed by the anxiety scale,'835 lending validity to the pattern of our findings. A number of studies have shown that higher levels of anxiety are associated with more symptom reporting.3637 Pennebakeri0 has interpreted this to mean that highly anxious people are more attentive to symptoms. Schwartz et al7 showed that both cognitive and somatic anxiety are correlated with symptom reporting, somatic more so than cognitive. Our findings are consistent with these observations.
The results in table 5 show a positive correlation between anxiety and diarrhoea (as might be expected), but a negative association between hostility and diarrhoea. Several interpretations may be proposed for the negative relation. It is possible that hostile people do not ordinarily report this symptom; that hostile people often have diarrhoea and do not attribute it to an external event; or, that hostile people get more immediate attention for such a symptom, thereby minimising its duration and the memory of it. We know of no empirical evidence which would help select from among these alternatives explanations.
Communities in which studies of health sequelae to a man made disaster are to be conducted may feel that the psychological symptom data may be used against them in a "blame the victim" manner. That is, they may feel that their reported physical problems may be attributed to their psychological stress, thereby exonerating the physical insult from the disaster as the cause. It can be justifiably argued, however, that if no attempt is made to assess the psychological component, the true physical and psychological impact of the exposure may never be known. Collecting data on psychological variables, especially on somatic and cognitive anxiety, seems to be important in future studies of the effects of accidental exposures on the health of a community.
